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Hypermethylated R4S5F/A in Maternal Plasma: A 
Universal Fetal DNA Marker that Improves the 
Reliability of Noninvasive Prenatal Diagnosis 

K.C. Allen Chan, 1 Chunming Ding, 2 ' 5 Ageliki Gerovassili, 3 Sze W, Yeung, 1 
Rossa W.K. Chiu, 1 ' 5 Tse N, Leung, 4 Tze K. Lau, 4 Stephen S.C. Chim, 4 Grace T.Y. Chung, 1 
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Background: We recently demonstrated that the pro- 
moter of the RASSF1A gene is hypermethylated in the 
placenta and hypomethylated in maternal blood cells. 
This methylation pattern allows the use of methylation- 
sensitive restriction enzyme digestion for detecting the 
placental-derived hypermethylated RASSF1A sequences 
in maternal plasma. 

Methods: We performed real-time PCR after methyla- 
tion-sensitive restriction enzyme digestion to detect 
placental-derived RASSF1A sequences in the plasma of 
28 lst-trimester and 43 3rd-trimester pregnant women. 
We used maternal plasma to perform prenatal fetal rhesus 
D (RhD) blood group typing for 54 early-gestation 
RhD-negative women, with hypermethylated RASSF1A 
as the positive control for fetal DNA detection. 
Results: Hypermethylated RASSF1A sequences were 
detectable in the plasma of all 71 pregnant women. The 
genotype of plasma RASSF1A after enzyme digestion 
was identical to the fetal genotype in each case, thus 
confirming its fetal origin. Nineteen of the 54 pregnant 
women undergoing prenatal fetal RhD genotyping 
showed undetectable RHD sequences in their plasma 
DNA samples. The fetal DNA control, RASSF1A, was 
not detectable in 4 of the 19 women. Subsequent chori- 
onic villus sample analysis revealed that 2 of these 4 
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women with negative RHD and RASSF1A signals were 
in fact carrying RhD-positive fetuses. 
Conclusions: Hypermethylated RASSF1A is a universal 
marker for fetal DNA and is readily detectable in 
maternal plasma. When applied to prenatal RhD geno- 
typing, this marker allows the detection of false-nega- 
tive results caused by low fetal DNA concentrations 
in maternal plasma. This new marker can also be ap- 
plied to many other prenatal diagnostic and monitoring 
scenarios. 

© 2006 American Association for Clinical Chemistry 

Circulating fetal DNA analysis in maternal plasma is 
useful in the prenatal diagnosis of sex-linked disorders 
(1), fetal rhesus D (RhD)" status (2). and ^-thalassemia 
(3). Many of these applications focus on the detection of 
paternally inherited disease-causing sequences in mater- 
nal piasiria. Whether the fetus has inherited such a se- 
quence is intei red by the presence or absence of the target 
sequence m maternal plasma,, but the absence of such a 
sequence in maternal plasma could alternatively be a 
result of low circulating fetal DNA concentrations or fetal 
DNA loss during sample processing. Thus, the availabil- 
ity of a positive control confirming the presence of fetal 
DNA in the sample would be a useful analytical sale- 
guard is i, I i i ii i v | i i i\ t nit isure- 
ment of a fetal DNA target that could be similarly 
detected in pregnancies with male or female fetuses is 
useful for monitoring and predicting pregnancy-related 

M It - I' i 1 It 1 lilt D\ i I. Ml 

tions, including preeclampsia (5-7) and certain fetal chro- 
mosomal aneuploidies (8, 9). 

Existing fetal DNA markers,, such as Y-chromosomal 
sequences, cannot serve adequately as positive controls 
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because they are applicable only to pregnancies carrying a 
male fetus 1< develop i p jsitive control system for fetal 
DNA detection 4wvt; 1 ■■ nations that differ between the 
mother and the fetus could be used. Such genetic varia- 
tion-based approaches, however, would require the use 
of ri ltip e m< s W O' 5 t i , > It >.e. v 

informative and therefore may increase the complexity of 

.••;:!.: be explored r //;. We recently reported that the 
maspin (SEKP1NUS)' gene promoter was heavily methyl- 
ated io maiein.ii M.—d colls ,n,d lop, merhUucd m th 
pLvt it . ( ' I \\ - n ! i -1 ! iiu 1 

methylated maspin was detectable in maternal plasma 
regardless of the feia! -.ex and genetic variations and thus 
could serve as a universal aria; DNA marker (11 >. Oper- 
ational !\ , 1 he 1 1 ri ilt 1 
among a background of methylated maternal sequences 
requires the relative!} tedious and labor-intensive proce- 
dure .it b^ullite 1 . u\ ei -ion 1 ' ; 1 P,^ uii it" treatment . , ; 
OK \ - im t < o 1 ' D N ■ I . i 

96% (12), thus greatly decreasing the ease and efficiency 
of the use of hypomethyiated maspin detection as a 
positive control for fetal DNA in a routine clinical setting. 

s s we recently 

demonstrated that the promoter of the RASSF1A tumor 
suppressor gene is hy| 1 >ted in tin placenta but 
hypomethyiated in maternal blood cells, a methylation 
pattern that is exactly opposite that of the maspin pro- 
moter UI1IOU0 !- " I 1 U I ( 1 ^ ] ; ' ' :U" 1, \ _'! > \ 

maternally derived hypomethyiated RASSFIA sequences 
could potentially be removed by methylation-sensitive 
restriction enzyme digestion, whereas the hypermethyl- 
ated placental (fetal) RASSFIA sequences are expected to 
be resistant to methylation-sensitive restriction enzyme 
digestion and thereby should be detectable and quantifi- 
able by real-time PCR. 

To illustrate the clinical application of such a universal 
fetal DNA positive control in noninvasive prenatal diag- 
nosis, we incorporated the use of this new RASSFIA 
system and the existing SRY system (13) as positive 
controls for fetal DNA to perform prenatal RhD blood 
group n [ m< for a c > 1. On 

was to investigate whether trie new RASSFIA system 
would he more effective than the existing SRY system for 
detecting cases falsely negative for RHD. 

Materials and Methods 

PATIENT RECRUITMENT AND SAMPLE COLLECTION 

For the module investigating the noninvasive prenatal 
detection of RhD bkwd .'U| pregnant women were 
recruited from the King's College Hospital, London, 
United Kingdom. These patients were undergoing lst- 



- *5 J. >. . p p pt e libirc ie t 

t tiP COS 'O ciin . W XV " 



trimester Down syndrome screening, but all fetuses were 
later confirmed to be karyotypically normal. For other 
modules, patients were recrui \ 
Obstetrics and Gynaecology, Prince of Wales Hospital, 
Hong Kong. The study was approved by the institutional 
review board— a to-- \ i i. i i units. Informed 

1 i n 1 Ipiiiiii 

ily for Down syndrome prenatal diagnosis. Third-trimes- 
tea placental tissues were collected af'tei elective cesarean 
In ^ li ^ i' l[ig i ^ - \ t iai p^nph 

era I blood samples were collected rust before the perfor- 
mance of obstetric procedures and at 24 h after delivery. 

SAMPLE PROCESSING AND DNA DIGESTION BY 
METHY I. ATT ON - S E ,\ ; S f T i V E RESTRICTS ON ENZYME 

Placental tissue and blood ceils. DNA was extracted from 200 
pL of maternal blood cells and 0.2 g of placental tissue 
with the QIAamp DNA Blood Minikit (Qiagen) and the 
QIAamp DN Minikit (( \ , and 100 ng 

of placental and maternal blood cell DNA were digested 
with 100 U of BstXJ 1, a methyiation-sensitive restriction 
enzyme, at 60 °C for 16 h. 

Plasma samples. Plasma was harvested (14) and DNA was 
extracted from 800 pL (RhD blood typing module) or 
1.6 mL (other modules) of plasma with the QIAamp 
Minikit and eluted with 50 pL of H 2 0, and 35 pL of 
plasma DNA were digested with 100 U of BstU I enzyme 
at 60 °C for 16 h. 

BISULFITE SEQUENCING OF THE BETA-ACTIN GENE IN 
PLACENTA AND MATERNAL BLOOD CELLS 

We bisulfite-converted 1 p.g of each extracted DNA sam- 
ple with the CpGenome Universal DNA Modification 
Kit (Chemicon) according to the manufacturer's recom- 
mendations. Each bisulfite-converted DNA sample was 
subjected to PCR amplification with the primers 5'- 
TTATTTGGYCGYCGGTGTCGA-3' and S'-TCCCTCCT- 
CCTCTTCCTCAATCTC-3'. The PCR product was cloned 
and sequenced. After confirming the completeness of 
bisulfite conversion, the CpG sites sequenced as cytosine 
or thymine residues were scored as methylated or tin- 
letha atei spe 1 l\ 

REAL-TIME DETECTION OF SRY, RASSFIA, AND 
BETA-ACTIN SEQUENCES 

Real-time PCR assa v s . e-m •. i the detection of 
SRY, RASSFIA, and beta-actin (ACT'S) sequences. The 
- q a Tees o f rimt - p s eel in Table 1 

The contents and thermal profiles of the 3 assays were 
Identical apart front the primers and probes used. Each 
reaction contained IX TaqMan Universal PCR Master 
Mix (Applied Biosystecm ; />> nor .} 1 each primers, and 
85 nmol/L probes. We used 5 pi. of non- enzyme-treated 
plasma DNA or 7.15 pL of enzyme-digested plasma DNA 
mixture (equivalent to 5 jixL of undigested plasma DNA) 
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Table 1. Primers arid probes for the real-time PCRs for RHD, RASSFIA, beta-actin, assd SRY. 

Target Name Sequence Priijier/prob' 

RASSF1A RSF-blolF 5'-AGC CTG AGC TCA TTG AGC TG-3' Primer 

RASSF1A RSF-dSgnR 5'-ACC AGC TGC CGT GTG G-3' Primer 

RASSF1A RSF-dsgrsT 5'FAMCCA ACG CQC TGC GCA T (MGBV3' a Probe 

beta-actin ACtin-163F 5'-GCG CCG TTC CGA AAG TT-3' Primer 

beta-actin Actin-243T 5'-FAM-ACC GCC GAG ACC GCG TC(MGB)-3' Probe 

SRY SRY-109F 5'-TGG CGA TTA AGT CAA ATT CGC-3' Primer 

SRY SRY-245R 5'-CCC CCT AGT ACC CTG ACA ATG TAT T-3' Primer 

SRY SRY-142T 5'-FAM-AGCAGT AGA GCA GTC AGG GAG GCA GA(TAMRA)-3' Probe 



as the template for each PCR. The thermal profile was 
50 °C for 2 min, 95 °C for 10 min, 50 cycles of 95 °C for 
15 s, and 60 °C for 1 min. All reactions were run in 
duplicate, and the mean quantity was taken. A DNA 
construct containing 1 copy each of the RASSF1A, SRY, 
and ih'tu .nUn amp-Kons \> e-m: >h-d red ^ die .paiuma- 
tive standard of the 3 assays. The detection limit for ail the 
3 assays was 1 copy per reaction. 

ENZYME DIGESTION EFFICIENCIES FOR 
UN.METHYLATED RASSF1A AND BETA-ACTIN 
SEQUENCES 

To investigate the similarity of the enzyme digestion 
efficiencies for unmethylated RASSF1A and beta-actin 
sequences, l-jug aliquots of maternal huffy coat were 
digested with 100 U of BstU I enzyme for different time 
intervals (from 15 min to 16 h). The concentrations of 
RASSFIA and beta-actin sequences were measured in each 
sample after the enzyme digestion. 

REAL-TIME DETECTION OF RHD SEQUENCES 

The RhD genotype was determined by real -time amplifi- 
cation of 2 regions located in exon 7 and exon 10 of the 
RHD gene as previously described (2, 15). The results of 
the 2 assays were identical in all cases. Therefore, the 
results in the subsequent sections will be presented as 
RHD- positive or KHD-negative only. 

DUPLEX REAL-TIME PCR ASSAYS FOR RASSFIA AND 
BETA-ACTIN 

A duplex assay for the simultaneous amplification of 
RASSF1A and beta-actin was developed for the RhD blood 
group typing module. The reaction mix, thermal profile, 
primers, and probe- used in this --, , were identical to 
those used in the monoplex assays, apart from chang- 
ing the t iore<- ent rep e of t tin laqMan 
probe to VJC lvi (Applied Biosystems). The final concen- 
trations ei she - < a < u mi 1 probe were increased 
to 450 nmol/L and 12.6 nmol/L, respectively. 

GENOTYPING OF THE RAS5F1A GENE 

A - i„ ne^l oiide p< 'h morphi^m (id rs4688725) is lo- 
cated within the RASSF1A amplicon. We determined 



RASSFIA genotypes foi rnaternai blood cells, the pla- 
t I \ ^ s it i ,v iti p rl 1 

enzyme digestion. PCR amplification of the RASSFIA 
sequence was performed with the printers RSF-M51F 
and RSF-dsgnR. After PCR amplification, we set lip a 
primer extension reaction, based on the homogeneous 
MassEXTEND protocol (Sequenom), and each 14-/uL re- 
action contained '10 /xl. of PCR products, 0.77 jttmol/L 
extension primer Rsf-R17 5'-CAG CCG GGT GGG CCC 
T-3'. LI 5 U of thermosequenase, and a mixture of dideoxy- 
nucleotid.es (ddATP, ddCTP, and ddTTP) and the de- 
oxynucleotide dGTP (64 /xmol./L each). For a RASSFIA 
sequence with an ailelotype A, the primer would be 
extended to produce 5'-CAG CCG GGT GGG CCC 
TddT-3' with a molecular mass of 5476.6 Da. For a 
RASSFIA sequence with an ailelotype C, the primer would 
be extended to produce 5'-CAG CCG GGT GGG CCC TGd 
ciC-3' with a molecular mass of 5790.8 Da. The final base 
extension products were analyzed by the MassARRAY 
compact matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometer (Sequenom). The geno- 
cpe o ht R ' 1 S '- I vvas deit I y i 1 >i i Ana 

lyzer software (Sequenom). 

DETECTION OF RASSF1 A AND BETA-ACTIN SEQUENCES 
IN PLACENTAL TISSUES AND MATERNAL BLOOD CELLS 
WITH AND WITHOUT BstU 1 ENZYME DIGESTION 

Because BsfU I ;s a methylatson-sensitive restriction en- 

cU'c dexpoi h\[ I t >\ ]uei 

such as the RASSFIA molecules derived from maternal 
blood cells, to be digestible and not detectable after 
enzyme digestion. Without enzyme digestion, RASSFIA 
sequences »\ 1 I w 1 t plwental tissues 
and lit ic sh n i n \ 

RASSFIA molecules from the placenta were detected. In 
contrast, k I le only cith 

out enzvme digestion, regardless of their origins. This 
sua 1 1 I I i It qui nc ng res t - s that 

all CpG sites in She beta-actin amplicon were unmethyl- 
ated in both the placenta and the maternal blood cells (see 
Fig. 1 in the Data Supplement that accompanies the online 
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version of this article at http://wwwxdincheiri.org/content/ 
vol52./issuel2). 

COMPARISON OF THE ENZYME DIGESTION 
EFFICIENCIES FOR UNMETHYLATED RASSFIA AND 
BETA-ACTIN SEQUENCES 

The concentrations of RASSF1A and beta-actin sequences 
showed a positive correlation kn am given extent of 
incomplete enzyme digestion (r = 0.986, P <0.0001; 
Pearson correlation; see Fig. 2 in die online Data Supple- 
ment), lief di:i m i I ] 
efficiencies for unmethylated RASSF1A and beta-actin 
sequ< net - » t u - i ] - i i i i h 
actin as a control for the completeness of the enzyme 
M n I 1 i i\ , 

DETECTION OF RASSFIA IN MATERNAL PLASMA AFTER 
ENZYME DIGESTION 

We analyzed the plasma samples of 71 pregnant women 
(28 in the 1st trimester and 43 in 3rd trimester) and 25 
nonpregnant women for RASSFIA after' enzyme diges- 
tion. The median fetal gestational, ages for Ist-trimester 
and 3rd-trimester pregnant women were 12 weeks and 38 
m i eks respi ctivt \ i \SSF1A *eqi ences v\ ere detectable 
in all pregnant women but not in those who were not- 
pregnant (Fig. 1). The median plasma RASSF1A concen- 
trations of the 'Ist-trimester and 3rd-trimester pregnant 
women were 40 copies/ml, and 245 copies/ml,, respec- 
tively. The beta-actin digestion control was analyzed for all 
the samples. In 4 plasma samples beta-actin sequences 
were detectable after enzyme digestion (3 from pregnant 
women, and 1 from a nonpregnant woman). There was 
no statistically significant difference in the rate of incom- 
plete i tion betweei i 1 g rant and non- 
pregnant women (4 2"- \ s 4.0 .; /' - 1 .0, Fisher exact test). 




Fig. 1. Box plot of the plasma concentrations of RASSF1A sequence 
after Bstu 1 enzyme digestion in 2 loapregi lant y <men and 28 
IsMumester and 43 3rd-irirnester p> i i 
The upper and lower whiskers represent the 90th and 10th percentiles, 
espec iveiy The uppe s. s wer bars i 

r ntl arid 25tl je e i lies respe iveiy The y-axis s in logs 



A 




RASSFIA concentration in maternal piasma 
after BstU i digestion (ccpies/mU 




RASSF1A concentration in maternal plasma 
after 8sfU I digestion (copies/mL) 



Fig. 2. Correlation of the piasma concentrations of the enzyme- 

i i i r , ' ] < it I it 

trimester (A and the 2 Mrim i ant *omen carrying 
male fetuses. 

- > < 1 > i i i 1 1 1 1 

r.oiYeiatiun) and the -;rd-irirr'.est.rr 0.717- P 0.0001; Spear: nan! correlation! 
pregnancies. The x-a.O.-; and >-ax/s reoressrh the plasma concentrations or the 
RASSFIA and SPY sequences, respectively, and both axes are in logarithmic 



The enzyme digestion was repeated in these cases, with 
RASSFIA and beta-actin subsequently becoming undetect- 
able. 

CLEARANCE OF HYFEKME THYLATED RASSFIA 
SEQUENCE IN MATERNAL PLASMA AFTER DELIVERY 

Five pregnant women each carrying a male fetus were 
recruited for the >nad\ >t too oc -o < b\ ery clearance of 
RASSFIA sequences 1 nzs v igestec materna plasma. 
Both RASSFIA and SR\ s^qt ences f tectable in the 
plasma before delivery but were completely cleared at 
24 h after delivery. 
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Maternal plasma DNA 
without SsfU i digestion 



Maternal plasma DNA 
with BstU I digestion 




4000 5000 51 00 5200 6300 0400 5500 5000 5700 0500 5000 0000 

Mass 

Maternal buffy coat 



4000 5000 51 00 5000 5000 5400 5000 5000 5/00 5300 0000 6000 

Mass 

Placenta 






allete C 

/ 


< aitelsA : : 




: A , 


;.i.l.Lli--1-!0O.J.Ll 





4S00 SOOO 5100 5.300 6000 5400 650Q 5600 5700 5S00 5900 O000 
Mass 

Fig. 3. The geriotyping results of RASSf-lA for the plasma DNA {with and without BsDJ I 
a pregnant woman. 



;. and placenta of 



i ih i if <t 

riiema: blood sails. Tims liie ^aasypes of both ih; srsbe.esred piasraa DNA and nsdfifna blood ceiis are AC F. 
.e peaK cosespondrig to lbs C allele was observed. Hence Hie genotypes of boib the sn^vyiseCigesred pi as 



e mass sc-.-Oj a for ids undigested plasma DMA 
rbe ananas-digested elasnia DNA ana placenta, 
a DNA and placenta are CC. 



POSITIVE CORRELATION BETWEEN THE PLASMA 
CONCENTRATIONS OF SKY AND ENZY'M E-DIGESTION— 
RESIST A NT RASSFIA SEQUENCES 

The plasma concentrations of SRY and RASSFIA (with 
and with > t i ymt hgesboi t - i i 9 

Ist-trimester and the 24 3rd -trimester pregnant women, 
each carrying a single male ieiu-. A positive correlation 
was observed between v plasma i c i i i i- of en- 
zyme-digeshon-resistant RASSFIA and SKY sequences 
for the Ist-trimester (r = 0.850; P • .0.0(10!; Spearman 
correlation. Fig. 2 As and the Brd-rnmester (r - 0.717; P 
<0.0001; Spearman correlation; Fig. 2B) pregnant women. 
Because the only source of SRY in maternal plasma was 
the fetal tissues, this observation further supported the 
fetal origin of enzyme -digestion-resistant RASSFIA. In 



contrast, the concentration of RASSFIA without enzyme 
digestion, v hi b it t i tl m um ition of molecules 
predominant!} Or rived from tin mother, did noi correlate 
with the concentration of SRY for the Ist-trimester (r = 
0.083; P = 0.81; Spearman correlation) and the 3rd- 
trimester (r = 0.228; P - 0.28; Spearman correlation.) 
pregnant women. 

IDENTICAL RASSFIA GENOTYPES FOR THE ENZYME- 
DIGESTED PLASMA AND PLACENTA 

T v ix ' -i i'~' 1 i tv J ii , i V s i 

mother (maternal blood cells), and enzyme-digested ma- 
ternal plasma DNA no t tm i ^ i I b m^st i 
(also with genotypes of undigested plasma DN A) and 16 
Ist-trimester pregnant women the _( \->j c ma-- 
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CSiVT PKEN - 
DIGESTION - 
CONTROL \ 



circulfii 



-dip 



The 



genotyping results uf 59 pregnant women (16 1 
trimester and 43 3rd trimester) '(Table 2) show* that 
each of the 59 cases, the genotype of the maierna 
plasma DNA after enzyme digestion was identical to 
the placental (fetal) genotype. 



Tabie 2. Genotype assessment of RASSF1A sequences in 
materna! Mood celis, piacenta {or CVS), and piasma DNA 
with and without (oniy for 3rd-trimester cases) methylatlon- 
sensitive restriction enzyme digestion. 3 

A, 3rd-trimester pregnant women. 



RHD results, 15 were positive for enzyme-digestion- 
resistant KASSF'IA sequences and the other 4 showed 

-.In ii y. the positive deft 

tion oi the RASSFiA sequences in maternal plasma con- 
firmed the presence of fetal DNA, and therefore the 
negative RHD results could be confidently interpreted. 
Indeed, CVS analysis revealed that all these 15 women 
were carrying RhD-negative fetuses. On the contrary, 
the failure to detect RASSF1A sequences in the remaining 
4 cases suggested that their negative RHD results should 
be interpreted with caution. In fact, the CVSs were posi- 
tive for RHD in 2 of these 4 cases, indicating that the 
maternal plasma RHD results were falsely negative be- 
cause of low fetal DNA concentrations in those plasma 
samples. These results indicate that the RASSF1A assay 
has served its function in flaj 
cases for further ii 



highlighting the inade 
trol. The flow chart 
results is presented in 



ifentially problematic 
Ion. Of the 19 plasma samples 
i were positive for SRY, thus 
:ies of SRY as an internal con- 
he screening procedures and 



5. ist-trimester pregna 



■ the detection of 



men shoving that oaiVcnlar genobpe ccmbins- 

Di detectable in tbe undigested plasma of these 
.MCeritratiOii of the fetal seouences is be:c» file 
ttrometry system. In the- 3rd it i me star, fetal DNA 

sczvgous feins co-mgiies only a mean of 2% of 



i he methyiahon patter:" oi tne KAnbs-'lA promoter in 
the placenta and maternal blood cells allows the use of 
methyiation-sensi five restriction enzyme digestion for 
i. cutting t maternally lis i background 
'' 1 h r > . - > , ii a\ m r , thv n > ntalh (fetal) 

derived RASSF1A sequences Intact. This system is ex- 
pected to he more sensitive, more reliable, and easier to 
ian the Nsulnte h-rvj I - > ti ' detc ma 

of unmethylated vmspin sequences (11). In this study, 
RASbrlA sentiences were detectable in ail the 1st- and 
3rd-trimester maternal piasma samples aftes enzyme di- 
gestion. 

In addition, an interna) control system was devised 
or tlv: dett ii iplet nt'vn digestion, which 

could potentially lead to false-positive results. This inter- 
nal control system consisted of a real-time PCR assay 
targeting the beta-Odin gene prontoter. Because, as we 
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Screening for RhO status of pregnant women (rt » 



i 

No risk of sensitising the mother 
due to RnO sncompatsb-Sitv 

No further testing or treatment 
woyfd be required. 



Detectable RHD signss in 
maternal plasms DMA in - 35} 



RrtD-negattve {o - 54; 



it for the presence of RHD 
nice tn maternal plasma DNA 



signal in maternal 
plasma DMA (rs = 19} 



Likely to be a RhD-positive fetus 



Me further testing would be 
required. Give prophylactic arttt- 
RhD immunoglobulin or other 
treatments as clinically indicated. 




Detection of RASSF «\ 
and /J-scftfl sequences 
in the enzyme-digested ^ 
v piasma DNA 



UNDETECTABLE 

RA$$FiA sequence 
NOT detectable (o ~ 4) 



Pig. 4 A i ! i 1 i ■iiagr ii'i! showing 1 logistic;; 
and the results of the prenatal screening for poten- 
tiai fetal RhO incompatibility among 355 pregnant 
women. 

T \" r i rr Lei f t i ; 



in the presence of fetal 
DMA, undetectable RHD 



No / tow concentration of 
fetal DMA in the sample. 



To repeat the enzyme 
digestion of this DMA 
sample and test for 
RASSF1A and p-actiti 
sequences again. 



- *na! tU »i nt^K i t t i If 

sample would indicate a sample would be. indicated 
RhD-oegatlve tetus. i 



No treatment / anti- 
RhD immunogfobln 
injection would be 
required. 



False-negative plasma 
RHD cases would be 
identified («=2} 



have shown, the digestion efficiencies of tin methylated 
betn-acim and RASSFIA sequences arc similar, an. unde- 
tectable beta-act in signal should reflect the completeness of 
the enzyme digestion of unmethylafed RASSFIA se- 
quute Pming iho .•valuation i the t , i > K of 
RASSF1A sequences in enzyme-digested plasma DNA, 
tills digestion control system detected 4 cases of incom- 
plete enzyme digestion. By duplexing the RASSF1A and 
beta-actin assays, the robustness of fids new fetal DNA test 
is further enhanced. 

Our finding- cc i isi ie 'hi' hvv-i sysi - 
resistant RASSFIA -a j e, thai are detectable in ma- 
ternal plasma arc of fet ( > ;m cv ^ ^ i i u , v , , 
postpartum clearance of such sequences; (b) they were not 
detectable in the plasma of nonpregnant women; (c) a 
posith e ci irreiation between the maternal plasma concen- 



! v , - 1 M « 1 t I I S t'\ ) 

sequences was observed, reaffirming their common fetal 
origin; and (if) in every case the plasma RASSFIA geno- 
type was identical to the fetal genotype after enzyme 
digestion. 

I turn to being a > usef generic circu 

t ; " I [ \ * m,nkoi ' i'ici 14 in I t^C" 

"It! I I f > "It st \ v I -> I 

Ideal -\-.tem , t ^ t J . 'V pe^eix eccvtjol for fetal DNA 
detection in maternal plasma. Hence, in the last part of 
the study, we attempted to demonstrate the clinical util- 
ity of such a positive control system in prenatal diagnosis. 
We ' a u" J patients uem ih a 1 I 1 and used a 
reduced vol tune of plasma for DNA. extraction. As a 
result, some of the extracted plasma samples would be 
expected to have very low fetal DNA concentrations. Of 
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ing sex-specific and polymorphic markers a 
controls for fetal DNA detection in noninvasiv 
diagnostic procedures using plasma DNA. 



be 
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h C\ 



na lysis 



4 cases were confirmed to be carrying RhD-positive 
fetuses. Thus, for these 2 cases, their falsely negative 
maternal plasma RliiJ m-nlfs were correctly Ideniified 
by our failure to defect the positive control, enzyme- 
digestion-resistant RASSF1A. Although the CVSs of the 
i the! ( is sv k leg itive for RHl t < ?7 1 

ssgiial could be due either to a low fetal DNA concentra- 
tion in their plasma DNA samples or an absence of RHD 
sequence in the fetus. In other words, these 2 apparently 
correct RhD typing results could merely be a coincidence 
of the collection of maternal plasma samples with iow 
fetal DNA concentration from pregnant women carrying 
RhD-negative fetuses. In real-life situations in which no 
CVSs would be available, any fetal RHD typing results 
with negative detection of enzyme-digeshom-resistant 
RASSF1A should be regarded as inconclusive, and further 
testing with another plasma sample would be indicated. 

To further illustrate the advantage of using a sex- 
iiidependent fet i i mpa 

an existing fetal DNA marker, SKY. The SRY assay would 
be positive only when the fetus is a male. Of the 19 
women with negative detection of RHD sequence in their 
plasma, only 6 were positive for SRY, which further 
confirmed in \ r > i i i- In the remaining 13 
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:ive detect! 
DNA was 



RhD-r 
maternal plasm; 



■rated i 



s of RHD and SKY 
result of a female 
i fetal DNA in the 



ead i3 



eel in ma tern 



the 



.ample ( 



fetal Rl 



status determination, this new test is invaluable in pre- 
natal diagnostic procedures as a positive fetal DNA 
control. Larger cohorts would be necessary, however, to 
compare the effectiveness of this marker with that of 
other existing polymorphic markers. Moieoser. it should 
b< n >tei h f t m i ' _t i 

promoter can also be found in certain malignant condi- 
tions. Therefore, for patients with a known history of 
v. in 1 ^ v c I \ 1 nn "t- v h it -sa > 
In the context of a pregnant woman without a known 
history of cancer, however, it Is unlikely that the plasma 

letbv x >■ s r ,, ^ - , i d b( i\ i f 

concurrent occult malignancy rather than from the pla- 
centa. We envision that, due to its applicability to all 
pregnancies and the methodologic simplicity of the assay, 
this new marker vvili be an attractive alternative to exist- 



have filed p if. nt ippli< idem . n the detection of fetal f >NA 
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